This paper gives an overview of research on modelling science competence in German science education. Since the first national German educational standards for physics, chemistry and biology education were released in 2004 research projects dealing with competences have become prominent strands. Most of this research is about the structure of science competence as laid out in the standards. We first discuss the notion of competence in general and of science competence in particular. We then present a selection of results with respect to competence modelling. Finally, we critically review the impact of this research on teaching and show perspectives for future studies and classroom practise.
INTRODUCTION
The German situation after the first PISA-study
Since the results of the first PISA-Study (Baumert et al., 2001) were published which revealed an unexpectedly low performance of the German students, research on competences and educational standards has become one of the main fields of work of German science education. The results of PISA were dissatisfying for educators, researchers, and the general public. German students only achieved levels below the international average in all three test domains (reading comprehension, mathematics, and science). These mediocre results started a broad discussion about the quality of the German educational system, also in mainstream media. Some researchers refer to this situation as the 'PISA-shock' (e.g., Schecker & Parchmann, 2006) .
One of the most important reactions to PISA was the development of educational standards, including the three sciences biology, chemistry, and physics (c.f. Neumann, Kauertz & Fischer, 2010) . A major intention was to change the German teaching tradition of detailed curricula and prescriptions of content to be taught (input orientation). So far, each of the 16 federal states in Germany had decided independently about their own curricula. The content could differ considerably between the states. The new German National Educational Standards (NES) (KMK, 2005) follow a different approach. Instead of describing general aims and science content, the standards are devised as achievement standards, i.e. as the knowledge and abilities an average student is expected to have developed after 10 years of school (outcome orientation). "An average student" in this respect can be described as a student who attended the regular number of science classes and has thus gone through the regular syllabus with medium results in performance tests. The NES were a joint decision of all the federal states. The curricula of the states from then on had to accord with the NES. The purpose of the curricula is to specify and operationalize the goals of science education. Operationalization and specification are supposed to help to ensure compliance of the standards. For the evaluation of the standards the federal states founded a scientific institute for quality development in education (Institut zur Qualitätsentwicklung im Bildungswesen, IBQ, Berlin).
In this paper, the concept of competence will be described. Afterwards, we will provide insights into the development of competence models especially with respect to the German NES. This paper holds a critical view on the recent process of standards evaluation: We will finish with a look on alternative frameworks and the impact of this part of German science education research on actual science teaching.
The concept of competence in science education
Over the years, the term 'competence' has been discussed not only in science education literature but also in pedagogy and psychology. As a result, there are several different notions of competence. The idea of competence has been established in pedagogy and psychology in order to describe a disposition that enables a person to perform successfully in contentrelated, complex and demanding problem situations. Science competence for example can be understood as a person's latent trait to successfully solve science tasks, like developing a setup for an experimental investigation or modelling an everyday-life phenomenon with physics laws and principles. The concept of competence once was developed in psychology because more and more researchers doubted that either factual knowledge or intelligence are sufficient concepts to predict successful actions in a particular challenge (McClelland, 1973) . Shavelson (2010) (Shavelson, 2010, p. 44) . In education, the term became more and more important because it complemented the idea of qualification for a certain profession. Competences were often phrased and understood as general traits of a person, not necessarily specific for a particular domain such as science, or at least easily transferable. This notion is referred to as 'key competencies ' (e.g. Maag Merki, 2003) . Klafki in contrary used the concept prescriptively in order to describe what enables an individual to solve domain-specific problems. He theoretically worked out two necessary aspects: the required skills and abilities and the required motivation to apply these skills and abilities. (Klafki, 2006) . Competence in this understanding is domain-specific. There is evidence to support this opinion: Some competences, which were thought to be general, had to be differentiated between domains. For example problem solving competence was empirically shown to depend on the domain in which it was applied. For physics, it shows a strong relationship with content knowledge (correlation r=0.81; Friege & Lind, 2003, 70) . But there are also contradictory approaches to problem solving: In PISA 2003 problem solving was treated under a general perspective (Dossey et al., 2004) . Referring to data from PISA 2003 the latent correlations State of the literature
• As a consequence of Germany's mediocre results in international student performance studies like PISA, the German educational system has turned from input-orientation towards output-orientation. In 2004 national standards for the sciences were published • Since the standards need evaluation, research on assessing competences has been a major field of German science education research in the last decade • Most of this research focuses on modelling students' competences in a research perspective. These models have been validated with a large empirical effort. There are, in contrast, only few projects developing and evaluating competence models and according curricular materials for teaching purposes
Contribution of this paper to the literature
• We show the relationships between general considerations about the concept of competence, science-specific competences, and the German national education standards. Against this background we explain why the concept of competence is so widely used in the current educational discourse on aims and standards in Germany • We contrast the research that deals with the evaluation of the standards with alternative frameworks and present a brief overview of the key results of this research • Our paper serves as a window to an understanding of the process of competence modelling in Germany. We also name implications for further research, such as an empirically guided development of materials to teach competences in science between problem solving of everyday problems and science, mathematics and reading skills range between .80 and .89 (Dossey et al., 2004, p. 55) . Such strong correlations to different other constructs imply a more general ability. If it was for example science specific one would expect a high correlation with science skills (convergent validity) but a lower correlation with the other non-science traits (discriminant validity). However, it is widely accepted that the content or context plays an important role for describing competence (c.f. Kauertz et al., 2012) -the PISA consortium chose to use everyday problems which do not necessarily refer to the curriculum (Dossey et al., 2004, p. 27) . For the German Educational Standards and all the research in this context Weinert describes the underlying concept of competence. He states that competences are "clusters of cognitive prerequisites that must be available for an individual to perform well in a particular content area" (Weinert, 2001, p. 47) . This notion on competence is clearly domain-specific as it refers to a particular content area. As a result, the research conducted with reference to the NES deals with identifying, science-specific aspects of competence. Just as the educationalist Klafki, the psychologist Weinert highlights the importance of motivation and willingness to actually apply the cognitive prerequisites in a particular situation. His concept of competence explicitly comprises both of these aspects: ability and willingness. However, in actual research most projects focus on the cognitive aspect of competence, which can be assessed much more easily.
For a systematic description of the competences needed to master problems in a particular domain competence models are specified. They provide the basis for test development and measurement of competences. In the context of educational standards these measurement-related issues of structuring competence have become very important.
Competence modeling
There are different ways to model competences. Schecker & Parchmann (2007) To speak with Weinert's definition of competence, structure models cluster groups of 'cognitive prerequisites' for solving problems in a specific domain. The structure can for example consider different contents (e.g. mechanics or thermodynamics for physics competence) or different cognitive processes (e.g. reproducing information or selecting relevant information) that are required to solve a task . Such areas (clusters) of abilities (and skills) together form a competence structure. Abilities within an area (like reproducing, processing and transferring science information) can have three different relationships (Einhaus, 2007) : they can be totally independent from another, they can be abilities that influence one another in a way that improving one ability leads to an improvement in the other ability, and they can form levels of competence. In the latter case, the one ability is a prerequisite for the other.
Developmental models describe how competences grow and which stages have to be passed to reach higher levels. One could say that structure models are synchronic models and developmental models are diachronic models. A good example for the developmental view is the model of learning progression in energy by Neumann et al. (2013) . Even though these authors do not use the term competence, their understanding of learning progressions shows a strong relationship to the development of competence: "[…] Learning progressions not only involve knowledge, but also the abilities and skills required to solve real-life problems […]" (Neumann et al., 2013, p. 164) . The importance of a developmental perspective has been emphasized for learning in general (e.g. NRC (2007)). Well-developed developmental competence models are still rare; they need a large empirical effort. But e.g. Neumann et al. (2013) show that also competence modeling considers this perspective more and more explicitly. This might once provide important information for teaching competences more effectively.
These basic kinds of models -structure models and developmental models -make certain assumptions, either about the inner structure of the competence or about its development. These assumptions have to be reasoned. In the case of empirical models, support for a certain inner structure of a competence, e.g. physics competence, is given by empirical data on students' performances in solving tasks and problems. In the case of normative models, theoretical and prescriptive considerations are used. Normative models are especially important with respect to the development of educational standards. Normative considerations lead to expected or, rather, desired structures or developments:
The expected results of ten years of school cannot be described without normative deliberations. Empirical models in contrast describe a structure or a development based on empirical evidence. This approach is useful to explain the performances of persons in a test, but not necessarily based on a theory about the structure of their cognitive abilities.
A good example for an empirical model is the model by Rost et al. (2005) . They analysed a national German
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© 2014 iSER, Eurasia J. Math. Sci. & Tech. Ed., 10(4), 257-269 study accompanying PISA 2003 and found that most normative models overestimated the importance of content areas for the structure of science competence. Instead, content areas only played a minor role for explaining the variance in students' test performances. Cognitive abilities like working with mental models or working with numbers turned out to be more important. A good example for a normative model is the initial German NES as described below.
Basically, competence models can have three different purposes (Klieme et al., 2003) :
(1) they can represent the cognitive structure or the mental model an individual holds about a certain domain, (2) they can describe the relationship of different domainspecific educational aims and make them more concrete for research, and (3) they can provide orientation for actual science teaching. The latter purpose is the most important use of competence models for education: to make abstract educational aims more concrete for teachers and teaching. A good means to illustrate educational aims is to present tasks used in competence tests. By giving and characterizing tasks, domain-specific competences and their structures can be illustrated. Many competence models, however, are formulated in a way that mainly fulfils research functions (2). Competence models are often much too sophisticated for teachers to implement them in their actual teaching. They have to be adapted to teaching purposes (Maiseyenka, Schecker & Nawrath, 2013) .
The German educational standards
Educational standards are established in several countries, among them the USA (AAAS, 1991), the UK (QCA, 1999), and Australia (MCEETYA, 2005) . They all have specific structures. The separate German NES for physics, chemistry, and biology differentiate between four areas of competence: use of science content knowledge, application of epistemological and methodological knowledge, science communication, and judgement. 'Judgement' can be seen as close to decisionmaking and argumentation in the context of socioscientific issues.
The standards in these four areas of competence are described as abilities an average student is expected to have achieved at the end of lower secondary education (age 15). Besides the dimension "competence area" there are two more elements of structure in the standards (c.f. Figure 1 ):
Basic concepts: Organisation of the content knowledge by four core ideas. System, matter, interaction, and energy are assumed to be the basic concepts for physics. The use of the basic concepts in teaching is meant to support a more coherent organisation of the students' knowledge. Basic concepts show structural relationships between science phenomena in different contents. Whether the basic concepts in physics are chosen appropriately for this purpose is a matter of discussion (e.g. Schecker & Wiesner, 2013) .
Demands: reproduction, application, and transfer of knowledge
The demands are often interpreted as levels of competence. Two thirds of the standards booklet (KMK 2005) is made up of sample tasks. Each of the tasks is characterized by three parameters: competence area, challenge and basic concept. This leads to a threedimensional structure for describing the expected competences in the NES (c.f. Figure 1) . Every problem that can be solved with science competence refers to a specific component of each dimension. Vice versa, the abilities to master this particular problem can be described with three components. An example would be a problem that needs the reproduction (dimension 'demands') of content knowledge (dimension 'area of competence') with respect to energy (dimension 'basic concepts'). More explicitly, the calculation of the kinetic energy of a car (mass: 1 t) driving with 20 m/s could be such a task. Another example is the application ('demand') of judgement strategies ('area') to come to a decision in the field of energy saving ('basic concept').
The German NES contain sample tasks to illustrate the three dimensions. The purpose of these tasks is to help teachers find access to the standards.
Evaluation of the German NES
The project ESNaS (Evaluation der Standards in den Naturwissenschaften für die Sekundarstufe I: evaluation of the national educational standards for natural sciences at the lower secondary level) is a long-term project for test development and evaluation of the NES. The IQB commissioned a group of science education researchers, mainly from the University of Duisburg-Essen, with test development. As the standards leave room for interpretation (Kauertz, Fischer & Siegle, 2013) , e.g. referring to the role of the basic concepts (see above), it was difficult to construct appropriate test items. Actually, being not explicit enough for assessment purposes is a problem that concerns every standard or performance expectation (Pellegrino, 2013, p. 320 ). Major problems arise from the fact that the standards do not contain a national curriculum. Furthermore, the German standards are formulated as so called 'regular standards'. This means they contain the learning outcomes an average student is expected to have attained -and it is an empirical problem what an average student actually is. In contrary, e.g. the Swiss standards are basic standards; they formulate the abilities that every student must have reached (the minimum).
Specification of German NES model for evaluation purposes
The first step in ESNaS had to be a specification of the competence model for research purposes. First of all, the dimension 'basic concepts' was applied to specify the area of competence 'content knowledge'. The task pool contains items developed for all the basic concepts.
The NES-dimension demands was not constructed to describe a hierarchical graduation of a competence but as an orientation for teachers about different types of challenges for students. There is evidence that the demands are not useful for the empirical graduation of item difficulty (Schmidt, 2008) . ESNaS replaced the dimension 'demands' by two dimensions 'complexity' and 'cognitive processes' (c.f. Fig. 2 ). Both had shown to be helpful to operationalize item difficulty in prior studies (e.g. Commons et al., 2007; Kauertz, 2008; Bernholt, 2010) .
The dimension cognitive processes refers to processing given information for the solution of a task (reproduce, select, organize, integrate). The influence of cognitive processes on the difficulty of a task is a well-known issue in psychology and science education as well (Kremer et al., 2012; Adkinson & Shiffrin, 1968) . Reproduction means that facts, relations or concepts simply need to be recalled from a given representation form like a text or a diagram (or from prior knowledge). Selection means that one has to decide which facts, relations or concepts in a given set of information is relevant for solving a specific task; e.g. from information represented in a diagram. Organisation refers to the need to give facts, relations or concepts a structure; e.g. term transformations with given formulas would need the process of organisation. Finally, integration means that connections between given pieces of information have to be worked out connected with the existing knowledge structure; e.g. proposing an experiment to test a given hypothesis would require the process of integration.
The second dimension which is supposed to be a measure for item difficulty is complexity. This dimension refers to assumptions about the processing of knowledge. Five levels are differentiated (in an ascending order of complexity): 1 fact, 2 facts, 1 relation, 2 relations, and generic concept.
The easiest challenge is the processing of a single fact. An item refers to the component 'fact' of this dimension if selecting or processing a single fact is sufficient to solve the item correctly. 'Relation' refers to connections between single facts, and 'concept' refers to the application of scientific concepts such as energy (Kauertz, Fischer & Siegle, 2013) . It is hypothesized that it is more difficult to apply concepts than to use relations, and more difficult to process relations than make use of facts. Fundamental research in psychology indicates that this assumption is justified. Especially the model of hierarchical complexity (Commons et al., 1998) has been researched extensively (e.g. Commons et al., 2007) . Bernholt, Parchmann and Commons (2009) used it successfully to predict the item difficulty for chemistry tasks. The closely related concept of complexity of ESNaS was initially introduced by von Aufschnaiter (von Aufschnaiter & Welzel, 1997; von Aufschnaiter and von Aufschnaiter, 2003) . Kauertz (2008) modified it and applied it in a physics content knowledge test. Based on Rasch-scaling, he found that task complexity correlates with the necessary grade of content knowledge. Other studies, however, show problems with the concept of complexity as a scale of expertise. Neumann et al. (2013, p. 183) could not confirm the hypothesis that an increasingly complex knowledge base describes the development of students' conceptualization of energy. Item difficulty of their energy test did not depend on item complexity (Neumann et al., 2013, p. 178) .
The concept of complexity was initially developed for the competence area of content knowledge. That, however, is only one of the four competence areas of the NES. Whether or not complexity is really useful and valid to describe an increasing item difficulty in, for example, communication is a subject of discussions. The ESNaS project uses complexity to operationalize items in all of the four competence areas. Kulgemeyer (2009) proposes for communication a different concept from psycholinguistics, which is closer, the processes of language production.
Types of test items
Following the ESnaS-model for test-development a large task pool was constructed for the evaluation of the NES. There are two types of items (c.f. Kauertz et al., 2010; Schecker & Wiesner, 2013) . Both need science information to solve them. Type I items require knowledge students are expected to have developed in prior instruction. Type II items; in contrast; exclusively refer to information given in the task stem itself. A sample item of type II is given in Figure 3 .
This type predominates the test (Schecker & Wiesner, 2013) . One of the reasons for type II items is the lack of a national curriculum. The NES do not explicitly name the actual content that is expected to be taught (e.g. Newton's laws in physics) but instead the competences that are expected to be acquired (e.g. "the students use content knowledge to solve tasks and problems"(KMK, 2005, p. 11, translation by the authors)). The science syllaby of the federal states of Germany only partially overlap, and therefore the students differ in their prior knowledge. This is a major reason why the test developers concentrated on item of type II, presenting the necessary principles or laws in the task stems -at least in the competence domain of content knowledge. This approach is of course not undisputed. Some science educators state that selecting (and processing) information from the task text itself and using it to find the answer is not what science competence should be about. Such items might just refer to a science-related reading literacy (Schecker & Wiesner, 2013) . On the other hand, type II items might also be an appropriate way to address the low achieving students. Other tests like PISA are often not useful to differentiate between the lowest 15 to 20 % of the population (Labudde et al., 2009 ). There is evidence indicating that type A and type B items refer to the same underlying ability. Ropohl (2010) used both types of items and found them to measure the same construct. A one-dimensional Rasch model could be used to form a common scale -even if a two-dimensional scale with type I and type II items was also useful to describe the data (Ropohl, 2010, p. 85-86) . As could be expected, the performance in type II items shows a higher correlation to reading ability 1 and intelligence 2 than the performance in type I items 3
The process of test development (Ropohl, 2010, p. 98) .
Several studies were conducted to provide further evidence for the ESNaS-model (Kremer et al., 2012) . To name just a few, Härtig (2010) researched the curricular validity of physics tasks. The influence of prior knowledge on the performance in a competence test was examined by Ropohl (2010) . Neumann (2011) researched the dimensionality of competences regarding the nature of science, a sub-area of the competence area epistemological/ methodological knowledge.
The evaluation of the standards and the test development in ESNaS go hand in hand. ESNaS considers three main steps in order to develop the test items. Firstly, textbooks were analysed to ensure that the items include the topics, which are important in science teaching (Härtig, 2010) . Textbooks are often seen as crucial to identify what parts of a curriculum find the way to the actual teaching (Valverde et al., 2002) . Secondly, expert teachers developed test items. Thirdly, science education researchers examined and commented on these items. Several pilot studies were conducted to provide evidence for validity and reliability of the test instrument. The largest validation study used 998 test items from all three sciences in a multi-matrix design and administered them to 6845 10th grade students from 160 schools (Kremer et al., 2012) .The Raschscaled performance indices proved that a very broad range of personal abilities could be covered with the test (Kremer et al, 2012, p. 213) . After selecting items according to their infit values and their representation of the ESNaS-model, 944 test items remained.
The final version was used in parallel to PISA 2012. First results have just been published (Pant et al., 2013) . The tests were administered to 44.584 students from 1.326 schools all over Germany. The results were described on a scale comparable to the one used in PISA with the average ability set to 500 point. One year of school is supposed to correspond to a gain of 25 to 30 points. The results showed disparities between the federal states (e.g. Saxony with an average of 544 points and North Rhine-Westphalia with only 476 points, corresponding to about two years of physics teaching less). There were also disparities referring to the gender: the girls outperformed the boys in content knowledge in biology (511 versus 489 points) while the boys showed better performances in mathematics (508 versus 492 point). Results with an important impact on politics are those describing social disparities. In mathematics students from families with a higher socio-economic status outperformed students from a lower social background by 82 points, this compares to nearly three years of schooling.
The development of test instruments for the standards was conducted with large effort in Germany, especially in the context of ESNaS. The main problem most researchers see in the development process is that the standards were formulated as a quick reaction to the PISA results, without prior empirical studies or an appropriate theoretical basis. All these steps had to be taken after the standards had already been published and had started to influence science teaching. Looking at the empirical process of evaluating the standards, some researchers criticize the use of the dimensions cognitive processes and complexity, and in particular test items that do not necessarily need prior knowledge.
All in all, most research in the context of the ESNaS is basic research while the development and implementation of competence-oriented teaching material is still rare. There are, however, alternative frameworks which also refer to the NES but focus more on the development of teaching materials and expand on those competence areas that have been neglected until now by the ESNaS program -especially communication.
Alternative frameworks in competence modelling in Germany
Over the last ten years since the NES were established, a number of studies have been conducted in physics, chemistry, and biology education with a focus different from large scale standard evaluation. Most of these studies researched the structure of a specific competence area in the NES, such as communication (Kulgemeyer, 2010) , content knowledge (Bernholt, 2010) , or judgement (Eggert & Bögeholz, 2006) . Their competence models differ from the model of the ESNaS project. There are also rare examples of teaching-oriented research programs, with a specific interest in implementation and in parallel to this in the development of competence models for actual teaching. In the following we will present two of our own research programs and their result in a rough overview.
Modelling experimental competence for teaching purposes
A major concern about the research in the context of the NES is (as stated above) that competence models are being developed for research, not for teaching purposes. The language of this research relies on the technical lingual of psychometrics. The underlying assumptions -like the concept of complexity -are rather sophisticated. Competences are graded sophistically with more than three categories for each dimension. The models are written to guide test item development. Their purpose is not to help teachers by supporting competence-oriented teaching or students' learning processes. All this might not be useful for teachers. Focussing on the implementation of competence-oriented teaching Maiseyenka, Schecker and Nawrath (2013) took a different approach. They worked together with a group of science teachers on a model of experimental competence for teaching purposes and complementary teaching material. The question whether or not the dimensions of this model can be differentiated empirically was not of their particular concern. Their model was designed explicitly to help teachers both in planning their teaching and in giving feedback to students. Figure 4 shows the resulting model. Experimental competence in the notion of Maiseyenka, Schecker, and Nawrath (2013) and their teacher-partners can be separated into seven parts or 'facets' that can be understood as necessary skills or abilities to perform experiments in science. Starting from 'developing research questions' and following a clockwise direction in Figure 4 they represent important phases of the experimentation process. Maiseyenka, Schecker and Nawrath (2013) primarily wanted to cover the actual experimenting in school labs, not in science in general Maiseyenka, Schecker & Nawrath (2013) . The figure shows seven parts of experimental competence ("facets"). The numbers refer to either the importance of a certain facet of experimenting in a particular teaching unit or the level of students' abilities in the particular facet and with a focus on actually performing experiments and evaluating data. Their model overlaps with models of scientific inquiry. Abell (2008) lists abilities students need for inquiry, e.g. asking questions, designing investigations, collecting and analysing data, using evidence to construct explanations, and communicating explanations (Abell, 2008, p. 8) . Some of these abilities refer directly to the experimentation process shown in Figure 4 . Experiments can be a part of the inquiry process in science, but inquiry is more than experimenting. Modelling for instance is also an important part of scientific inquiry; conducting experiments might even be the most important inquiry process in physics.
This model is supposed to be helpful for teachers to plan their teaching. Teachers who want to implement experiments in e.g. their physics lessons can look at the various facets of experimental competence and then decide which of them specifically deal with the coming lesson (cf. Figure 4) . They can e.g. provide the research questions and the hypothesis so that students do not have to work them out themselves. For these two facets the teachers would note a "0" (a facet not important in this specific experiment). The focus could lie on planning an appropriate experiment to test the hypothesis: working out the experimental approach, selecting from a set of apparatus and constructing an executable experimental set-up. This focus would lead to two points for the facets 'plan experiment' and 'set up apparatus'.
One purpose of the model for teachers is to reflect on the different facets of experimental competence in their teaching. This does not mean that teachers have to regard each of the facets in every experiment they perform in their classes. But over a longer teaching period all the facets should be taken up so that students can develop competences in each of them. Teachers can also use the model as a rubric for assessment and as a structure for giving feedback to their students. The way the model was developed differs from the way models for research purposes are developed. For the ESNaS model trained teachers just took part as item developers and had no influence on the model. The model on experimental competence started from normative considerations about experimental competence and was developed in a group of teachers and researchers ('symbiotic cooperation' c.f. Maiseyenka, Schecker, & Nawrath, 2013) . Whether or not the facets can be differentiated in large-scale assessments, respectively whether or not the facets really describe different skills or abilities, was no priority issue in this project. Much more important was the question, whether the facets are useful for teachers to reflect their teaching practices and guide their tasks used in student experiments. Evaluation studies supported these functions (Maiseyenka, Schecker, & Nawrath, 2013) . In this sense the project aims at the third function of competence models stated in section 1: making educational standards more accessible for actual teaching.
Science communication competence
Communication is a competence area of the German NES, similar components can be found in the Swiss standards and also in Anglo-Saxon standards, e.g. the Australian Curriculum for Science (ACARA, 2012) . Kulgemeyer (2010) developed a model of science communication competence. It is based on theoretical considerations about the process of communication in a constructivist view. The model has been validated empirically Kulgemeyer & Schecker, 2013) . Its central idea is the communication process shown in Figure 5 . Explaining is at the core of communication competence. Explaining here means making content. In a constructivist view, good explaining makes it more likely that a scientific content is understood. It helps the addressee to construct meaning but does not necessarily lead to understanding.
A communicator -in our focus a person who wants to explain something to someone -has four variables that he or she can adapt to make a science matter comprehensible for an addressee (cf. Figure 5 ). The following examples are taken from Kulgemeyer & Schecker (2013) . The explainer can vary the factual content aspects to be included in the explanation (e.g. the optical phenomenon of dispersion), the graphical representation form (e.g. a diagram of the ray paths), a context (e.g. a rainbow) as a situation in which the phenomenon occurs, and the code (e.g. everyday language).
If the addressee indicates that he or she could not make meaning of what the explainer said, the explainer can vary the complexity of one or more of the four variables. The explainer can e.g. switch from abstract ray diagrams to a realistic photo of dispersion or use a different example that might be closer to what the addressee already knows or is interested in. Of course that all does not necessarily lead to understanding -the explainer's efforts just make understanding more likely. Kulgemeyer (2010) developed two assessment instruments for science communication competence: a written test and an expert-novice role play (Kulgemeyer & Schecker, 2013) . The role-play puts expert students into situations where they have to explain physics phenomena to students of a younger age. For standardized testing, the novice students are coached to act in a specific way. Their task is to ask for easier or for more formal explanations, for further examples, etc. The explaining situations are video-taped and analysed with qualitative categories. The analysis focuses on the way the expert students react to the novices' questions and prompts. Kulgemeyer and Schecker (2013) show that the reactions can be described as variations of the four variables of the communication model described above. Hypothetical criteria for good explaining, such as the use of examples, were confirmed empirically. Kulgemeyer (2010) found that individuals with a high science content knowledge only reach mid-level results in science communication competence. Explainers with just a medium level of science content knowledge were the best explainers. Further research on this surprising result is part of a follow-up research project with teacher trainees as explainers.
The path towards this science communication model follows the three steps Schecker and Parchmann (2006) describe for competence modelling. Firstly, a model was developed based on theoretical considerations. In the second step, test items were constructed to cover the model components. Thirdly, students' test performances were evaluated to check and to refine the model structure. As one result, the supposedly different components 'representations forms' and 'code' were found to depend on one another. For research purposes these two components can be integrated into a single component 'representation form', as verbal language can be treated as an especially important representation form of information among others. This reduces the number of test items required. For teaching purposes, however, it could be useful to keep the components apart, which could help teachers to develop more specific tasks for their teaching. This example shows how models for teaching purposes and models intended to be useful in research may differ from another.
CONCLUSION What is it good for? The impact of competence modelling on science teaching in Germany
In Germany educational standards are politically seen as a means to reach a consensus about aims of education among the federal states (Schecker & Parchmann, 2007) . Most German science education researchers welcomed the introduction of educational standards. The impact of competence modelling on actual science teaching has been discussed intensively and controversially (Labudde et al., 2009 ). In one perspective, competence modelling belongs to fundamental research about cognitive structures. Fundamental research does not have to have a direct impact on teaching. The development of competenceoriented teaching can follow, once there is sufficient empirical evidence for the structure of science competence. However, the prevailing focus on fundamental research in German science education binds many resources that are thus not available e.g. for design-based research. While there are elaborate projects on modelling competences and test development, there is a lack of projects aiming at the implementation of teaching on the basis of the educational standards.
The benefit of competence models for teaching is not undisputed either. Models for research purposes are not designed for competence-oriented teaching and it is not easy for teachers to cope with their depths of differentiation. Teachers even struggle with the competence-model published in the NES. As Hartmann-Mrochen (2011) showed, teachers hold very different perspectives, for the example the competence area 'judgement' of the NES. Participants of an inservice teacher training group did not interpret this competence area in the way the curriculum developers 
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or the researchers did. In post interviews after a training in competence-oriented teaching the in-service teachers still mostly thought this competence area would refer to their own judgement of student's performances. Curriculum developers and researchers had in mind the competence to make decisions in socio-scientific contexts. However, there are examples for models with a documented use for actual teaching, like the model of Maiseyenka, Schecker, and Nawrath (2013) for experimental competence. This model is the result of a symbiotic cooperation between researchers and teachers.
The first evaluation study of the German science education standards has just been published (Pant et al., 2013) . There is a realistic chance that more research with a focus on implementation and development of teaching material will follow. With respect to the three purposes of competence models (Klieme et al. (2003) , c.f. section 1), one, however, has to state that currently the first function, representing cognitive structures, still is the most frequent one in German research on competences.
Besides fundamental questions about the aims of science education research, another major point of discussion is a possible problem with 'teaching to the test'. When the first items were developed for evaluation of the NES, only 'content knowledge' and 'epistemological/ methodological knowledge' were included as areas of competence. Such a focus could have driven teachers to overemphasize these most familiar competence areas and to neglect 'communication' and 'judgement' in their teaching. The IQB encountered this critique by also developing items for the two remaining competence areas (Labudde et al., 2009 ). On the other hand, teaching to the test is not necessarily a problem if the test is valid and wellreasoned from a normative perspective in the German tradition of "Bildung" (Fischler, 2013) . It remains an open question whether or not the ESNaS test fulfils these high expectations (Schecker & Wiesner, 2013) .
As always, validity is the crucial issue in test development. Whether or not written tests, like the ESNaS-test, suffice for a valid assessment in processoriented areas like experimentation and communication is a question of research. Kulgemeyer (2010) criticizes that so far only the cognitive aspects of competence have been tested while the volitional and the motivational aspects (Weinert, 2001) have not been regarded appropriately. Even more, formulating competence models is not just a matter of quantitative research in large-scale assessments. As McLelland (1973) stated:
"Testers have got to get out of their offices where they play endless word and paper-and-pencil games and into the field where they actually analyze performance into its component parts." (McClellan, 1973, p.7) This still remains true. There is a need for field studies to analyse and describe science competence in ecologically sound settings -and that means in schools and during actual lessons, not in studies that analyse individuals in a psychology or small groups in a science education lab. This aspect is still underrepresented in German science education research.
On the other hand, there certainly is a high potential of standardized testing. It could lead to a valid and reliable assessment of learning outcomes, which helps to formulate evidence-based recommendations for the improvement of science teaching. A broad perspective on science competences including communication and judgement enriches sciences teaching. Research results about the structure of competence in science could help curriculum developers and science educators to develop teaching materials that support specific aspects of competence more effectively. An orientation of teaching along the structure of competence might thus once be more effective than the common orientation along the structure of the scientific domain (e.g., physics).
In a nutshell, research on competence modelling in Germany so far strongly focuses on fundamental research. The full potential of the competence notion of learning science will not unfold before implementationoriented research is also strengthened.
